Review on LIPE, with data on DNA, on the protein encoded and where the gene is implicated
Transcription
Human LIPE gene has 9 transcripts (Table 2) . 
Protein
Note LIPE plays a crucial role in acylglycerol and cholesteryl ester hydrolysis in adipose tissue and exhibits cholesterol hydrolase activity in steroidogenic tissue and macrophages.
Description
LIPE is highly expressed in adipose tissue as well as in heart and skeletal muscle, pancreatic β-cells, placenta, adrenal glands, ovary and testis (Haemmerle et al., 2003) . 2 isoforms produced by alternative splicing (Yeamen et, al., 2004; Holst et al., 1996) . Isoform 1 : Testicular form also known as canonical sequence, composed of 1,076 amino acids, has 116,598 Da molecular mass. Two testicular forms of LIPE have been characterized (Stenson et al., 1996; Mairal et al., 2002) . The 3.9 kb mRNA encodes a 1,076 amino acid protein that contains a unique NH2-terminal region encoded by exon T1. The 3.3 kb mRNA encodes a protein that is identical to the adipocyte LIPE form. However, the mRNA species differ in their 5' ends. Exon usage is mutually exclusive; exon T2 is only transcribed in testis, and exon B is only transcribed in Adipose tissue (Lucas et al., 2003) . Isoform 2 : Adipocyte form, composed of 775 amino acids encoded by 9 exons, has 84,128 Da molecular mass.
Figure 2.
Genomic organization of the LIPE gene coding sequences (red boxes) and untranslated regions (grey boxes). Exons T1 and T2 are used in testis. Exons A and B are used in the colon adenocarcinoma cell line HT29 and adipose tissue, respectively. Exons 1 to 9 are used in all tissues expressing LIPE (adapted from Lucas et al., 2003) .
Expression
A 3.3-kb transcript was detected in mammary gland, adrenal gland, adipose tissue and muscle, and both a 3.3 and 3.9 kb transcripts were found in testis (Holst et al. 1996) . RNA-seq data from 95 human individuals representing 27 different tissues reveal biased expression in fat and testis (BioProject: PRJEB4337) ( Figure 2) . 
Localisation
Found in cell membrane (UniProtKB-SubCell), cytosol (HPA), lipid droplet (UniProtKB-SubCell) and high density caveolae (UniProtKB-SubCell).
Translocates to the cytoplasm from the caveolae upon insulin stimulation for lipolysis activation (Egan et al., 1992) .
Function
Hormone sensitive lipase is a lipolytic enzyme of the 'GDXG' family catalyzing the rate limiting step of diacylglycerol and monoacylglycerol lipolysis (Stralfors et al., 1978) . In adipose tissue and heart, it primarily hydrolyzes stored triglycerides to free fatty acids, while in steroidogenic tissues, it principally converts cholesteryl esters to free cholesterol for steroid hormone production. LIPE is a multifunctional enzyme catalyzing (GO_REF:0000003);
Diacylglycerol + H2O = monoacylglycerol + a carboxylate. Triacylglycerol + H2O = diacylglycerol + a carboxylate. Monoacylglycerol + H2O = glycerol + a carboxylate.
Enzyme is regulated post-transcriptionally. LIPE is rapidly activated by cAMP-dependent phosphorylation under the influence of catecholamines. Dephosphorylation and inactivation via protein phosphatases or inhibition of protein kinases, are controlled by insulin (Yeamen et al., 1994) . Ser 659 and Ser 660 have been shown as phosphorylation sites, for in vitro activation of LIPE (Anthonsen et al., 1998) . Also it has protein binding and protein kinase binding function interacting selectively and noncovalently with any protein of protein complex (Aboulaich et al., 2006) .
Homology
LIPE gene is conserved in chimpanzee, dog, cow, mouse, rat, zebrafish and frog (Table 3) . Arg 309 Cyc polymorphism is associated with an increased serum cholesterol levels and type 2 diabetes (Shimada et al. 1996) . LIPE i6(CA)n repeat polymorphism is associated with type 2 diabetes and obesity (Magré et al. 1998 ). The C-60 G polymorphism is located in the promoter region of the LIPE and it is possible that the substitution of C with G nucleotide result in a decrease in gene expression (Talmud et al. 2001 ). The C-60 G polymorphism in the promoter of LIPE is associated with body composition and waist circumference (Garenc et al. 2002; Carlsson et al. 2006 ). In addition, the C-60 G allele male carriers present lower levels of fasting non-esterified fatty acid and higher levels of low density lipoprotein cholesterol (Talmud et al. 2001 ).
Implicated in

Lipodystrophy, Familial Partial, 6 (FPLD6)
A form of lipodystrophy characterized by abnormal subcutaneous fat distribution. Affected individuals have increased visceral fat, impaired lipolysis, dyslipidemia, hepatic steatosis, systemic insulin resistance, and diabetes. Some patients manifest muscular dystrophy (OMIM:615980).
Cytogenetics
Autosomal recessive. Caused by homozygous mutation in the LIPE gene. Genomewide autozygosity mapping and whole-exome sequencing, identified homozygosity for a 2bp insertion in the LIPE gene (Farhan et al. 2014) . The mutation caused a frameshift within the hormonesensitive lipase domain predicted to result in a premature termination codon with an approximately 50% loss of the original polypeptide.
Non-alcoholic Fatty Liver Disease (NAFLD)
NAFLD, defined as hepatic steatosis with an intrahepatic triglyceride (TG) content?>?5% of the liver volume or weight, develops owing to an imbalance between fatty acid (FA) input and output.
Cytogenetics
In glucose intolerance state, LIPE promoter (CC + GG) contributed the greatest impact on raising serum triglyceride followed by fatty liver and Adipose insulin resistance (Hsiao et al., 2013) .
Multiple Symmetric Lipomatosis
Rare condition characterized by the symmetric growth of fatty tumors (lipomas) around the neck, shoulders, upper arms and/or upper trunk. It most often affects men of mediterranean ancestry between the ages of 30 and 70 who have a history of alcohol abuse. The signs and symptoms vary greatly from person to person. Usually, accumulation of fatty tissue increases over time and may lead to a loss of neck mobility and pain. The lipomas can cause physical deformity and peripheral neuropathy, when they compress a nerve.
Cytogenetics
Exome sequencing identified a novel homozygous NC_000019.9:g.42906092C>A variant on chromosome 19, leading to a NM_005357.3:c.3103G>T nucleotide change in coding DNA and corresponding p.(Glu1035*) protein change in LIPE gene as the disease-causing variant (Zolotov et al., 2017) .
Various Cancers
LIPE gene expression is altered in number of cancers.
Cytogenetics
Search in cBioPortal showed that LIPE is altered in 461 (1.1%) of 40567 sequenced cases / patients ( Figure 5 ). 
